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ABSTRACT 


A skill and task analysis of air combat 
maneuvering was performed. This analysis indicated 
that a device to aid the pilot to maneuver the 
aircraft to its aerodynamic limits might be useful, 
but such a device might be ineffective аце to a high 
level of sensory saturation. The concept for design 
of the project was predicated upon projected use of 
Маге displays for fighter aircraft in air comtat 
Maneuvering, pilot training and flight safety aspects. 
The test energy maneuverability display was designed 
using a microprocessor for dedicated control. The 
display format was based on color coding varicus 
specific power regions and presenting them in the 
pilot's peripheral vision. An experiment was designed 
and executed to determine if the pilot could r=spond 
to the specific power color codes and maintain 
performance of critical pilot tasks. An analysis of 
test variance indicated no significant degradation of 
pilot performance with the introduction of color 


coding to the peripheral vision. 
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The design of an energy management display for air 
combat maneuvering (ACM) was approached in three phases. 
The first phase was a skill and task analysis of the pilot 
of a fighter aircraft in air combat maneuvering based upon a 
typical combat mission scenario. This analysis emphasized 
the near critical levels of sensory saturation during 
various phases of the scenario. This analysis, combined 
with consideration of the flying characteristics of future 
generation fighters, clearly displayed the desirability of 


an energy management display. 


The seccnd phase was the actual design and construction 
of an energy management display. The complexity and 
understandability of the display design were based upon 
Criteria determined from the skill and task analysis. Final 
display implementation included a microprocessor for 
dedicated control, a minimum of peripheral circuit Logic and 


an easily interpreted color array based display. 


The third phase of the project was the design and 
implementation of an experiment to determine the efficiency 
With which a human operator might employ the display. The 
purpose of this experiment was to determine if the use of an 
energy management display of this nature would detract so 
Seriously frcm the pilot's primary task of maintaining 
visual sight of the enemy aircraft as to make its value 
questionable in a combat situation. The experiment resulted 
in the use of attack and fighter pilots performing a 
tracking task in a mock cockpit while interpreting the 


proposed energy management display. 
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Based on the results of this project, conclusions vere 
made regarding the viability of such an energy display. À 
comparison was also made between this display and one being 
built and tested by a joint Navy and Air Force research 


team. 
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AIR COMBAT 


A. MISSION OBJECTIVES AND SCENARIO TO BE ANALYZED 


The objective of the pilot in air combat maneuvering 15 
to successfully engage an enemy aircraft, maneuver to within 
a lethal weapon deployment envelope and fire the appropriate 
weapon to achieve a kill. Опсе involved in an engagement, 
the pilot's minimum performance must be to recognize a 
deteriorating tactical situation before it has become so 
adverse that he may no longer escape without being overly 


vulnerable. 


The engagements of the scenario are conducted bv F-4 
aircraft against the MIG series aircraft. The engagements 
occur over the enemy's homeland in a dense electronic 
countermeasures (ECM), anti aircraft (AAA) and surface to 
air (SAM) threat environment. Enemy aircraft have the full 
benefit of local ground controlled intercepts (GCI), while 
ExUuendly aircraft control is limited to a control station in 


excess of 100 miles away. 


The scenario consists of two F-4's which have been 
launched from an aircraft carrier and have been tasked as 
flack suppressors and fighter cover for a large strike 
group. Both aircraft are leading the strike group on 
target, each carrying six 500-pound bombs in addition to 
four Sparrow missiles, four Sidewinder missiles and a 


centerline fuel tank. The controlling agency has advised 
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the aircraft that there are enemy aircraft airborne in the 
immediate vicinity of the target. The strike group approach 
has caused all local SAM, AAA and ECM sites to become 
active. Just following evasive maneuvers to avoid being hit 
BE two SAM's, the lead F-4 pilot sights two shiney aircraft 


which do not appear to be friendly. 


PSR ANALYSIS OF THE TASKS OP THE PILOT OF THE LEAD AIRCRAFT 
miesUCCESSFULLY COMPLETING THE STATED OBJECTIVE 


Ше first task of the pilot is to gain and maintain 
visual contact with the enemy aircraft (Fig. 1, block A). 
This is the single most important aspect in prosecuting a 
successful air-to-air engagement. A very high porticn of 


his visual capabilities must be devoted to this end. 


Key in the pilot's ability to gain and maintain visual 
contact is his visual search technique. His probability of 
early detection is greatly increased if he knows in what 
general direction he should be looking. The friendly 
controlling agency might provide an approximate vector or 
sector in which to search. The onboard radar may be of some 
assistance. Perhaps the radar intercept officer (RIO) has 
visual contact and can talk the pilot's eyes onto the enemy. 
A wingman or other friendly aircraft may be able to narrow 


the search field. 


The pilot must know for what he is searching. He should 
know the shape, size, color, performance and other 
distinguishirg characteristics of the enemy aircraft. He 
should also be highly cognizant ОБ what are the general 
tactics of the enemy and how the enemy has been trained. 
While attempting to gain sight of the enemy, the pilot must 
be aware of the continued SAM and AAA threat, and include 
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his own rear hemisphere as well as that of his wingman in 
his scan. At this critical stage, the pilot's eyes and mind 
must be out of the cockpit correlating all possible inputs 


in an attempt to gain sight of the eneny. 


Once gaining sight of the possible enemy aircraft, the 
pilot must make an immediate evaluation of the situaticn and 
decide what course of action to follow (Fig. 1,block B). He 
must first determine if the sighted aircraft are possibly 
enemy aircraft or if they are just another forward segment 
of the strike group. If he feels that they are perhaps 
enemy aircraft, he must then evaluate their possible threat 
to himself or the strike group considering his basic mission 
tasking. He must consider his current fuel state. There 
must be enough fuel onboard to enter an engagenent and then 
get to a tanker aircraft or return to the ship. Running out 
of fuel is the same as a kill for the enemy. If many enemy 
aircraft have been reported airborne and he has seen only 
one, unless that one is an immediate threat he would be 
prudent to wait several seconds before commiting himself in 


an effort to detect the presence of other aircraft. 


After deciding to investigate the sighted aircraft, the 
pilot should initiate a maneuver to a position of advantage 
for positive identification and engagement (Fig. 2, block 
©). Maintaining visual sight of the probable enemy 
throughout this maneuver is mandatory. The enemy is 
probably at the pilot's visual detection range limit. ТЕ 
the pilot takes his eyes off of the opposing aircraft only 


momentarily, he will probably lose visual contact. 


This initial maneuver will depend on the pilot's 
coordination with his wingman and on the relative enemy 
position. The piiot should maneuver the aircraft with the 
idea of achieving as quick a kill as possible, if it is an 


enemy aircraft. During the maneuver he must inform his 
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wingman of his intentions, insure that the wingman has sight 
also and inform the strike group of the presence of enemy 
aircraft. A frequency shift fron the strike frequency, 
which the wingman must acknowledge, may be made. The SAM 
and AAA possibility may not be ignored, although in the 
immediate area of enemy aircraft these will probably be a 
diminished threat. The pilot must accomplish these tasks as 
efficiently as possible while maneuvering the aircraft as 


nearly as he possibly can to its optimum. 


The pilot must also insure that all switcnes in the 
aircraft are properly set to enter the engagement (Fig. 2, 
mock В). He must jettison the bombs and should jettison 
the centerline fuel tank to improve aric rart 
maneuverability. I2 the bombs are carried on stations 1 and 
9, they may re jettisoned with the 'external tanks  jettison 
switch." If the bombs are carried on stations 2 and 8, they 
сап be bombed off, but the triple ejector rack (TER) and 
bombs can not be selectively jettisoned. The pilot must be 
very careful to observe airspeed, acceleration and dive 
angle restrictions Which vary according to bomb fuzing when 
jettisoning the bombs by bombing. Exceeding these limits 
could result in bomb-to-bomb collisions and detonation close 
enough to the aircraft to do Significant damage. If he were 
working near any friendly ground forces, he would have to be 


more selective where the bonbs were jettisoned. 


Four switches are required to jettison the centerline 
fuel tank. Of these switches, all are common tc the 
checklist which applies to normal bombing with one 
significant exception. The weapons switch is "CONV  ON/NUC 
OFF" for bombing, while for jettisoning the centerline it is 
"CCNV OFF/ NUC ON". Overlooking this switch in the pressure 
of the situation would result in degraded aircraft 
performance. In addition to these switches, the centerline 


tank should not be jettisoned when partially filled, when 
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faster than 425 knots or between 375 and 425 knots below 
15000 feet. Jettisoning outside these limits may result in 


aircraft-to-tank collision. 


The pilot must also attend to the status of all the 
installed missiles and insure that а11 appropriate 
switchology 15 correct. If the gunsight was set for 
bombing, it must be reset to 35 mils for firing missiles. 
The Sparrows should have been tuned and checked immediately 
after launch. The pilot should have selected an operating 
station following initial airborne checks. If not, he must 
now recall and select an operating station if the Sparrow is 
to be used. The coolant for the Sidewinders should have 
been turned cn and the tone adjusted long before entering a 
hostile environment. Seeker head calibrations made earlier 


in the flight must now be recalled. 


With the knowledge that all switches are properly 
positioned, the pilot should anticipate which weapon he will 
probably use first. In making this decision, he should 
consider what the relative position of the enemy will be 
Maen the missile is launched, if the aircraft radar is 
working, what the missile will be looking at in the 
background and in which missile the pilot has the most 
confidence. Once deciding, he will select either radar or 
heat along with missile arn. Failure to execute any of 
these preparations properly would probably result in the 


loss of a kill should the opportunity present itself. 


Continuing the engagement, the pilot must make a 
positive determination of whether he is pursuing an enemy 
ПЕ Е СЕа Е or not (Fig. 2, block В). He may have several 
inputs to aid in making this decision. The most important 
input, by far, is his visual contact with the suspect 
прста. The controlling agency may advise that enemy 


aircraft are known to be in the area. In making this 
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decision, the pilot must temper his aggressiveness and 
desire to 'kill a MIG* with sound judgement and patience. 
An incorrect snap decision in this situation could result in 


killing a friend or making him a prisoner of war. 


Once determining that the suspect aircraft iS an eneny 
aircraft, the pilot will continue to maneuver to a position 
from which he can deploy his weapons (Fig. 3, block F). At 
this point, the pilot should have the knowledge and 
confidence that all switches are set properly. The 
uncertainty that there is something not in its proper 
position wculd detract from the concentration necessary for 
the engagement. Switching fron radar to heat or heat to 
radar, requires only one switch and should be accomplished 


 ЕЕП а minimum of distraction. 


AS the enemy aircraft is approached, the pilot should 
realize that he is flying a rather predictable flight path 
which could easily be taken advantage of by another eneny 
alrcraft. Не must keep a vigil for these other, as of yet 


unseen, enemy aircraft. 


The oppoSing pilot has probably been notified that he is 
in danger by his GCI or perhaps another enemy aircraft (Fig. 
3, block G). He will begin to maneuver his aircraft. The 
lead #-4 pilot must now counter the enemy maneuver and 
attempt to coordinate with his wingman. Roo do this 
effectively will require a great deal of knowledge of the 
pilot as well as a very high level of air combat maneuvering 
(ACM) ability. He should know the enemy's aircraft nearly 
as well as his own. (Where are his blind spots? How fast 
can he go? How well will his aircraft roll at high 
airspeeds? What is his turning capability? How long can he 
fight with the fuel he has available?) The F-4 pilot should 
know the enemy weapons capabilities thoroughly. He should 


assess the ability of his adversary. The enemy aircraft may 
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have some advantages but, if the enemy pilot is inferior, 
the combination 15 probably not potent. Any perceived or 


known weaknesses in the enemy should be exploited. 


In performing these tasks, both mental and physical, the 
pilot is subjected to severai interfering effects.  Reacting 
to the maneuvers of the enemy requires nearly all of tae 
pilot's visual and mental ability. However, the possibility 
of the presence of other enemy aircraft can't be forgotten 
or ignored. The pilot is certainly in а rather high 
pressure situation. If he loses, there is a chance that he 
might be killed or become a prisoner of war. This type of 
pressure certainly will degrade the pilot's memory and 
decision making capabilities to some degree. The ability to 
think clearly and process as many of the inputs as possible 


is mandatory for survival. 


ehysically, the pilot is also under a great deal of 
stress. For a majority of the engagement he will be under a 
greater than normal acceleration. This increased 
acceleration causes perspiration, decreased visual 
capabilities and may cause a high rate of fatigue. If the 
pilot's oxygen mask is Slightly loose, it may droop making 
it very difficult to talk. 


There is a very high probability that the engagement 
will take place at a very low altitude, a regime in which 
the pilot has very little ACM training. There are some 
maneuvers that the pilot will not be able to execute due to 
the proximity to the ground. Additionally, there is very 
little room to recover from an error such as a departure or 
Stall. 


Throughout the engagement, the pilot must monitor his 
fuel status, his position with respect to the carrier ог а 


tanker and whether he is winning or losing the fight (Fig. 
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3, block H). If he nas encountered a numerically superior 
enemy and maneuvered against some or one of them for any 
length of time, there is a possibility that one of the enemy 
pilot's will soon become a serious threat. If this occurs, 
rather than pressing recklessly for a shot, it would be 


prudent to maneuver in such a manner as not to be shot. 


Once arriving ina missile envelope, the pilot must 
align the target properly and pull the trigger (Fig. 4, 
blocks I and J). After the missile separates from the 
aircraft, the pilot should determine if it is guiding or 
not. Tf it is not, he should fire another. If the trigger 
was pulled and no missile launched at all, that missile 
should be jettisoned unless the pilot is sure that the 


reason it did not leave was improper switchology. 


More time was probably spent tracking the enemy aircraft 
just prior tc a successful shot than the pilct realizes. He 
WaS quite vulnerable during this period of time. Therefore, 
immediately after the successful shot, he should check his 


rear hemisphere and locate his wingman (Fig. 4, block К). 


Dee LMPLICATICNS OF THE SKILL AND TASK ANALYSIS 


The skill and task analysis demonstrates that during an 
ACM engagement the pilot's visual and auditory sensors as 
well as his mental and physical abilities are tasked very 
nearly to their capacity. These facts have three very 
important implications when ccnsidering the design of an 
energy management display. The first is that the display 
must be designed so that the pilot does not have to look 
away from the opposing aircraft for even a moment in order 
to see the display. The second is that whatever the display 


format is, it must be easily interpreted by the pilot. The 
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third implication is dichotomous. In order to be successful 
in ACM, it is incumbent upon the pilot to maneuver his 
aircraft as nearly as he possibly can to its optimum. It is 
also a fact that during an ACM engagement the pilot is 
placed in a very taxing situation both mentally and 
physically. The desirability of a device which would aid 
the pilot to maneuver the aircraft at its optimum during 
this complex tasking situation is clearly seen. However, it 
must be acknowledged that, also due to this complex tasking, 
even a well presented and easily understood display пау be 


more than the pilot is able to correlate. 
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FLOW CHART OF SKILL AND TASK ANALYSIS 








TARCAP MISSION 

2 F-4's each carrying: 
6-500 pound bombs 
4-Sidewinder missiles 
4-Sparrow missiles 

l-Centerline fuel tank 









Lead pilot detects possible 
enemy threat aircraft and 
has a visual contact. 








Evaluate 
the tactical 
situation and determine 


if sighted aircraft are 
possibly a threat. 











threat 
aircraft 





Threat 
aircraft 


Figure 1 
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Non- 
threat 
aircraft 





A maneuver is initiated to a 
position of advantage for 
positive identification of 
the unidentified aircraft. 


Cockpit switches must be set 
properly prior to entering 
the engagement. 





Positive 
identification 
decision 






Threat 
aircraft 


Figure 2 
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Maneuver into a position to 
kill the enemy aircraft. 


The enemy pilot recognizes the 
threat and maneuvers against 
friendly aircraft. This 
maneuver is countered as the 
F-4 section works for a shot. 
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Tactical 
evaluation of the 
engagement 


Undesirable 


Safe section Desirable 


disengagement 





Figure 3 
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in a missile 
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also friendly aircraft 
within the missile's 
field of view? 


Yes 


Do not fire Мо 


A missile is fired toward 
the enemy. 


Immediately check for wing- 
man and more enemy aircraít. 





Figure 4 
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III. DESIGN OF AN ENERGY MANAGEMENT DISPLAY 


А. JUSTIFICATION FOR DESIGN OF AN ENERGY MANAGEMENT DISPLAY 


Although tke skill and task analysis indicated the 
possibility that an energy management display (EMD) might 
not be viable in actual ACM, the presence of other factors 
in addition to the demonstrated desirability of such a 
device encouraged its design and construction. Cne of the 
key factors that encouraged such a display was consideration 
of the flight characteristics of future generation fighters. 
These aircraft will not have the flight buffet regions that 
have provided fighter pilots with 'seat of the pants' energy 
management in the past. Considering the proposed 
thrust-to-weight ratios of the next generaticn of fighters, 
it is conceivable that during ACM high enough levels of 
Specific excess power would routinely exist which could 
result in airspeeds much higher than those for optimum 
turning performance. Having the capability to achieve and 
Maintain too much airspeed while in ACM is exactly the 
Opposite problem that fighter pilots have known in the past. 
Mens, the utility of an EMD in the next generation of 
fighters as well as those currently in use was considered 


favorable. 


Applicaticns of an EMD in a training environment were 
also considered positive. Rather than teaching a pilot 
Optimum maneuvering techniques and energy management solely 
through a long series of trial-and-error experiences, using 


an EMD during training flights, the new ACM pilot would have 
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a continuous reference to the textbook version of energy 
management. It was felt that this would increase the 


instruction received from each training flight. 


A further derivative benefit of an EMD was seen to exist 
in the field of aviation safety. The Naval Safety Center 
conducted a review of all aircraft accidents that occurred 
ТОП July 1969 through April 1974 in preparation for a 
safety sympcsiun. These records were examined by 
experienced safety center analysts to determine which of the 
contributing cause factors could have been avoided with the 
employment of some type of cockpit display. Attributed to 
the lack cf V-N envelope information to the pilot, which an 
EMD would provide, were 42 aircraft destroyed, 8 aircraft 
damaged and 27 fatalities. The Commanding Officer of the 
Naval Safety Center endorsed the development of cockpit 
displays saying, "As a participant in the Symrosium 
described in ref. à, COMNAVSAFCEN strongly supports tne 
urgent requirement for development and application of 
advanced technology in the area of cockpit displays" 
MSGMNAVSAFCEN, Norfolk, Уа., РВ 2507312 Apr 74). 


В. BASIC EMD DESIGN CONCEPTS 


The tasic design precept of this project was to provide 
the pilot with an additional sensory input to aid him in 
Optimizing aircraft maneuvers during an ACM engagement. It 
Was acknowledged that in an ACM engagement, the pilot 
Maneuvers his aircraft ina manner to counter and exploit 
the tactics cf his advisary. Therefore, no effort was made 
to tell the pilot where on the V-N diagram he should fly. 
Tne display was designed to aid the pilot in optimizing the 
maneuver he selects from the energy state that he initiates 
gt 
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Specific design concepts adopted were those directly 
implicated by the skill and task analysis of ACM. A primary 
concent to which the design was committed was that the pilot 
not be required to move his eyes off of the enemy aircraft 
in order to utilize the EMD. Directly associated with this 
concept was the requirement that the display be easily 
interpreted. A constraint placed upon these two specific 
design concepts was that the display effectively portray the 
maneuverability diagram, especially the maneuvering limits 


and regions cf optimum performance. 


PT PLEMENTATION OF DESIGN CONCEPTS 


In order to provide the pilot with a display that would 
Cause a minimum of visual distraction and interference, it 
was decided that the display be placed inthe pilot's 
peripheral vision region. Using this region of vision and 
requiring that the pilot not look away from his target 
implied that the display format be extremely simple and 
intuitive. To satisfy these requirements, colors were 
employed in a manner similar to a standard traffic light. 
As envisioned, the display would consist of 4 colored bands 
mounted on the inside of the pilot's helmet visor above his 
eyes, but within his peripheral vision region. It was felt 
that the employment of colors would provide a great deal of 
positive transfer and thus avoid the necessity of learning 


sight pictures, 


An F-4UJ was used as a model for this project. The 
maneuverability diagram was partitioned as shown in Fig. 5. 
It was color coded into seven basic regions based on their 
relative position to the zero specific power curve (Fig. 6). 
These regions are displayed using four rows of colored 


lights (Fig. 6). The lower row of green lights is used to 


27 





STRUCTURAL G 





100 KCAS 






750 KCAS 
to 30K 
then 
710 КСА5 









ін «сқ» O чл > A -Я- оға» awa 





VELOCITY 





CONSTANT 
VELOCITY 


NEUTRAL G + 1/2 X 
NEUTRAL G + 1/8 X 
NEUTRAL G - 1/8 Y 
NEUTRAL G - 1/2 Y 
NEUTRAL G = THE G AT WHICH Ps = O 


А 
В 
С 
р 


Figure 5 - PARTITIONING OF MANEUVERABILITY DIAGRAM 
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Figure 6 - COLOR CODING OF EMD 
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represent positive specific power. This row is blinked to 
distinguish the region of optimum energy addition (very high 
excess specific power) that exists between +.5G and -.5G. A 
solid lower green row represents a high level of excess 
specific power while the solid lower green and yellow rows 
together represent a lesser level of excess specific power. 
The yellow row alone represents the region immediately 
surrounding the zero specific power curve. The yellow and 
red rows indicate a low level of negative specific power 
while the red row alone indicates a high level of negative 
specific power. A blinking red row alone is used to 
indicate to the pilot that a basic VN diagram limit has been 
exceeded. The upper green row is illuminated when corner 
velocity has been attained and is out if not. An example of 
an F-4J maneuverability diagram (Fig. 7) as color coded by 


this scheme is shown in Fig. 8. 


BEC TECHNICAL REALIZATION OF THE DESIGN 


A 8008 microprocessor was used for dedicated control of 
the EMD. A microprocessor was selected to control the 
display for three reasons. The first was that the speed of 
a Microprocessor allows the desired information to be 
presented With essentially no processing delay in a 
real-time mode. The second was that the size, weight and 
durability cf a microprocessor make it easily adaptable to 
 Егіст based fighter and attack aircraft. The third was 
that the microprecessor when compared with alternative 


methods is relatively inexpensive and simple. 


The three pieces of information needed to determine 
uniquely the specific power of an aircraft at any given 
instant are airspeed (in knots calibrated airspeed), 


altitude (in feet above mean sea level) and aircraft 
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F-4J MANEUVERABILITY DIAGRAM 
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Figure / - F-4J MANEUVERABILITY DIAGRAM 
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F-4J MANEUVERABILITY DIAGRAM 
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Figure 8 - COLOR CODED F-4J MANEUVERABILITY DIAGRAM 
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acceleration (in G's). This information was input to the 
microprocesscr in an 8-bit format (one byte). Тһе airspeed 
was scaled from 0 to 2550 KCAS in 10 KCAS increments, tne 
altitude from 0 to 51000 feet MSL in increments of 200 feet 
ЕНІ Тһе с from -3.75 to +9.00 G's in .05 G increments (Fig. 
J). 


The airspeed was scaled much higher than it actually 
needed to be. Only 7 bits of airspeed would provide a range 
of 0 to 1270 KCAS which is completely satisfactory. The 
most significant bit of airspeed could easily be used to 
input whether or not the throttles were in afterburner or 
not. Doing this would expand the scope of the EMD to 
include both the military and maximum power maneuverability 
regimes. Although not accomplished in this vroject, if this 
EMD design were actualiy employed in operational aircraft, 
this expansicn would greatly contribute to the accuracy and 


EpEd)bility cf the display. 


À single routine «as designed to satisfy the criteria of 
the propcsed output display (Figs. 5 and 6). A single 
routine was constructed rather than a program which calls 
several subrcutines because using subroutines would not 
result in a savings of memory space. A single routine 
program was written in essentially three blocks using the 
high level programming language PL/M (Appendix 8). In 
conjunction with this program, a look-up table was 
established containing scaled values of structural G ог 20 
units angle of attack and the G for specific excess power 
equal to zero for a given airspeed. For this project, the 
look-up table was constructed with data for the F-4J at 
Maximum power from sea level to 30000 feet using unanended 
Maneuverability diagrams. It is structured as snown in Fig. 
m 


It was decided that oniy one input port (8 bits) and one 
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INPUT SCALING 


ATRSPEED ALTITUDE 
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Figure 9 
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output port (8 bits) be used in order to keep the input 
output hardware requirements of the microprocessor to a 
minimum. The first block of the program was devoted to 
controlling the multiplexers (Fig. 10) which enabled the use 
of only one input port vice three. Additionally, the first 
block was used to input the airspeed, altitude and G, to 
check the airspeed against structural limit airspeed, to 
determine in which section of the look up table the required 
data was lccated and to establish the corner velocity for 


the input altitude. 


The second block of the program, called energy, was 
structured tc locate the reguired data within the previously 
determined section of the look-up table and to check the 
meput G against structural limit с ог the 20 unit angle of 
attack  G. It also partitions the maneuverability diagran 
with respect to the G for specific excess power equal to 
zero for the input airspeed (Fig. 5) while deternining the 


appropriate display configuration based on Fig. 6. 


The third block of the program, called display, was 
designed to determine the appropriate value for the single 
output port used, based upon the values of the variables 
light and key. The values of these byte variables were set 
in binary form throughout the program using the six least 
significant bits of each. In this manner, each bit of the 
sum of light and key, called lek, was able to have an 
independent function. The two most significant bits of the 
output port are used for control of the multiplexers. ‘The 
entire software logic is depicted in flow chart format in 
Eus. 11, 12 and 13. The resulting employment of the 


microprocesscr is shown in Fig. 14. 
The single output port serves as a control for both the 


EMD and the multiplexers. The logic network used for the 


EMD and the Significance of the eight bits of the output 


35 





MULTIPLEXING SCHEME 


MULTIPLEX = 01000000B; 
OUTPUT (1) = NOT(00000000B); 
LEK = 000000008; 


START: KEY = 000000008; MULTIPLEX SELECT CODE 
LIGHT = 000000008; ALTITUDE = 00 
ALTITUDE - INPUT(1); AIRSPEED - 01 
LEK = MULTIPLEX + LEK; G = 10 


OUTPUT(1) = NOT(LEK); 
AIRSPEED = INPUT(1); 
LEK = MULTIPLEX + LEK; 
OUTPUT(1) = NOT(LEK); 
G = INPUT(1); 


DISPLAY: IF LIGHT = 00000001B THEN LEK = 00000001B; 
ELSE LEK = LIGHT + KEY; 
OUTPUT (1) = NOT(LEK); 
GO TO START; 


THE TWO MOST SIGNIFICANT BITS OF OUTPUT(1), WHICH 
CONTROL THE MULTIPLEXERS, ARE ZERO EACH TIME PROGRAM 
EXECUTION RETURNS TO "START." "MULTIPLEX" IS ADDED 
TO "LEK" TWICE. ALTITUDE IS INPUT BEFORE THE FIRST 
ADDITION, AIRSPEED BEFORE THE SECOND ADDITION AND G 
AFTER THE SECOND ADDITION. IN THIS MANNER THE MULTI- 
PLEXERS ARE CONTROLLED WITHOUT AFFECTING THE LIGHT 
CONTROL. 


Figure 10 
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Figure 11 
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Figure 12 
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Determine the appropriate 
value for "lek" using 


"light" and "key." 





Output port 1 


Figure 13 
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Figure 14 - EMPLOYMENT OF THE MICROPROCESSOR 
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port are shown in Fig. 15. The two bits used for 
multiplexer control required no logic processing and were 


routed directly to the multiplexer chips. 


Three sets of clock Counter circuits (Fig. 16) were 
designed to simulate airspeed, altitude and G for purposes 
of conceptual demonstration. All three circuits were 
exactly the same and produced the required data in an 8-bit 
format. Each circuit was controlled by a 3-position switch 
which caused the counters to count up or down or hold their 


present state. 


Rather than using a conventional clcck to drive the 
counters, a 555 chip was used in an astable mode (Appendix 
€). This was done so that each counter could have its own 
oscillator which was easily adjustable by changing the 
Esrcuit resistance. The counters consisted of two 
Synchronous 4-р1+ binary up/down counters cascaded to 
provide a single 87-bit up/down counter. The value of each 
counter was monitored by a set of labeled red LED's (light 
emitting diodes). Four 4-line to 1-line data multiplexers, 
controlled by program logic, were used to enable the use of 
а single input port (Fig. 16). Four rows of colored LED's 
were constructed as shown in Fig. 15 to demonstrate the 


effectiveness of the display design. 
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Figure 15 - OUTPUT HARDWARE 
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Figure 16 - INPUT HARDWARE 
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IV. EXPERIMENTAL DE 


fee PURPOSE AND SCOPE OF EXPERIMENTAL DESIGN 


The utility and desirability of an EMD for ACM was 
demonstrated in the skill and task analysis of ACM. Also 
recognized in this analysis was the possibility that the 
pilot's visual and auditory sensors were tasked very nearlv 
to the saturation level. Due to this saturation, 1% was 
acknowledged that a significant degradation of critical 
visual responsibilities might occur as a result of the 
addition of an EMD to the visual scan. An experiment was 
designed to determine the level ОЕ the resulting 


degradation, if any at all resulted. 


As indicated in the skill and task analysis, the most 
important visual responsibility of a pilot involved in ACM 
is to gain and maintain sight of the enemy aircraft. If the 
interpretation and utilization of a device, such as the 
proposed EMD, resulted in a decreased ability of the pilot 
to maintain visual contact with the enemy, this device 
should be considered ineffectual in ACH. The experiment was 
therefore structured with a primary task representing the 
concentration and visual attention required to maintain 
Sight of the opposing aircraft during ACM and a secondary 
task which required interpretation and response to the EM. 
Using attack and fighter pilots as subjects, a data base was 
established for only the primary task. Once establishing a 


level of performance for each pilot for only the primary 
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task, the secondary task was introduced and its effect оп 


the primary task determined. 


СОО STATEMENT OF HYPOTHESIS 


The scientific hypothesis adopted was that the 
introduction of the proposed EMD to the pilot's visual scan 
would not alter his ability to perform critical visual 
functions. The more specific and easily testable 
statistical hypothesis adopted was that the established 
levels of performance of a primary tracking task performed 
by attack and fighter pilots would not be degraded by the 
introduction of а secondary task requiring interpretation 


and response to the proposed EMD. 


The Statistical hypothesis was tested in this 
experiment. A significance level of .05 (less than a .95 
probability that there is a significant difference) was 


established for acceptance of the statistical hypothesis. 


C. EXPERIMENTAL METHODS 


1. Structure of Hypothesis Test 


= a A: сы REO а= о хс ож шы a шш 


All subjects listened to the same set of taped 
instructicns (Appendix A) prior to the first primary task 
learning session. Each of four primary task learning 
Sessions consisted of performing five, 100-second tracking 
tasks. Each two-dimensional task consisted of maintaining a 
small dot of light within a one inch circle on the face of a 


cathode ray tube display. The dot was controlled by the 
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Erect deflecting a standard aircraft stick. Scoring of 
the task consisted of a timer being actuated whenever the 


dot was within the one inch target circle. 


The tracking task was used to simulate the mental 
and visual concentration necessary to maintain sight of an 
enemy aircraft during АСМ. The five, 100 second tasks were 
recorded onto a tape in order to present identical tasks to 
each subject during every session. The tasks were designed 
so that an experienced subject could achieve a 50 to 70 


percent time on target score for the primary task alone. 


The four learning sessions were used to establish a 
learned tracking score (LTS) for each subject. It was 
assumed that a subject's tracking task score, the dependent 
variable of the experiment, would not improve significantly 
after the fourth learning session. An LTS was established 
for each of the five runs using the highest score achieved 
on the individual runs during the learning sessions. The 
object of establishing ап LTS was to establish a benchmark 
for each subject which would be sensitive to the addition of 
a secondary task in a time sharing mode. Using the highest 
Score on each run as the LTS biased the experimental results 
toward rejecting the hypothesis when it might be true. It 
was felt that using an average as the LTS might cause the 


hypothesis to be accepted when it was actually false. 


Prior to the fifth session, each subject listened to 
a second set of taped intructions (Appendix A). This set of 
instructions described the fcrmat of the presentation of the 
dual tasking stimuli. Included in this instruction set was 
a review of the  maneuverability diagram, a review cf the 
meaning of specific power and an explanation of the color 
coding of the BMD. After listening to the taped 
instructions, each subject performed the first two tracking 


runs to assure that they were in the region of their 
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established 115. The LTS's for the first twc runs were then 
modified using the test run scored if they were higher than 
the previously established LTS for the corresponding run. 
The third tracking run was then given as a learning period 
for the seccndary task, the independent variable of the 
experiment. During this unscored practice run, each subject 
was given the opportunity to perform both tasks in a 


time-sharing environment. 


The secondary task consisted of interpreting and 
responding tc the EMD. The subjects were challenged five 
times during each of the five, 100 second tracking runs. A 
subject was challenged by the activation of a tone in the 
cockpit.  Sisultaneous to the activation of this tone, a 
timer was started and one of fourteen possible display 
configurations was randomly selected and illuminated, The 
display was mounted over the cathode ray tube in the 
peripheral vision region of the subject. This configuration 
was used to simulate as nearly as possible the visual 
requirements that would be presented during ACM with a 
helmet mounted version of the proposed EMD. Associated with 
the challenge was a response box located on the left console 
where the throttles would normally be located. The possible 
display configurations were placed in five basic categories 
each of which had an associated button on the response box. 
If the subject responded correctly to the chalienge, the 
tone would go off, the response timer would go off and the 
display would be extinguished. The display would remain on 
until the correct response was initiated by the subject. 
The number cf incorrect responses, if any, were counted and 


displayed to the operator. 


During the fifth session the response times, the 
number of incorrect responses and the tracking task scores 
were recorded. The tracking task time for each of the five 


runs was ccmpared with the LTS for the corresponding run to 
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determine the efrect, if any, that the addition of the 


secondary task had on the primary task. 


2. Subjects 


D o-— am = Ss mn шыш 


Tne subjects selected for this experiment were 9 
attack pilots and 9 fighter pilots. It was felt that using 
subjects fıcm only these two communities would provide а 
representative cross section of those pilots most likely to 
use an EMD in the future. It was also assumed that subjects 
With fighter and attack background would grasp the purpose 


and concepts related to an EMD more rapidly. 


The subjects were students of the Naval Postgraduate 
School and the Aviation Safety School. А11 subjects were 
designated pilots. The average age of the subjects was 31 
years ranging from 28 to 36 years old. Thirty nine percent 
of the subjects had Vietnam combat experience. Ali о: the 
subjects had served at least cne operational tour and had 
not flown operationally in 14 months. The subjects had an 
average of 1553 flight hours ranging from 880 to 3400 hours. 


EENEcchanizatson of the Experiment 


—_ = = ie eee cy i ee 


An obsolete F-105 cockpit was used for this 
experiment. The interior of the cockpit was completely 
stripped with the exception of the ejection seat and 
remodeled to avoid the introduction of nuisance variables. 


The cockpit was equipped with a standard aircraft center 


Eoutrol stick. Stick feel and centering were provided 
nechanically with the use of springs. One-turn 
potentiometers were mounted and geared to both the 


longitudinal axis (fore/aft stick) and the directional axis 


(right/left stick) in order to provide an electrical monitor 
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of stick motion to the analog computer. 


A 10 inch by 8 inch cathode ray tube was also 
mounted in the cockpit. This screen was mounted so that its 
center was directly in front of the subject’s eyes ata 
distance of 24 inches. A display panel was installed that 
surrounded the screen and filled in the remainder of the 
cockpit front panel area above the subject's legs. Four 
rows of colored LED's in the configuration of Fig. 6 were 
mounted over the screen in the peripheral vision region of 
the subject (Fig. 17). This display arrangeuent was used to 
simulate the visual demands that a helmet mounted EMD would 
require. Target dot intensity and focus knobs were located 
below the screen. A red LED was placed at the right base of 
the scope screen and was illuminated when the target dot was 
Within the one inch radius target circle surrounding tne 
scope center. A green LED was placed at the left base of 
the scope screen to indicate to the subject that a scoring 


run was in progress. 


A response box was mounted on the left console in 
the position of a throttle. This box had five push button 
switches representing the five basic categories into which 
the possible display configurations were grouped (Fig. 18). 
The output of each switch was grounded until depressed at 
which time it became five volts. Each switch was labeled 
with the category that it represented in order to aid the 


subject in learning the EMD/response button correlations. 


The circuit of the TR-10 analog computer, shown in 
Fig. 19, was used to provide the subject with a target dot 
that had lcngitudinal/directional response dynamics that 
were similar to those of a stable aircraft. The inputs for 
these circuits came directly from the potientiometers 


mounted on the axes of the stick. 
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ENERGY MANAGEMENT DISPLAY RESPONSE BUTTON 









BLINKING LOWER GREEN MAX EXCESS 5. Р. 


(LITTLE FINGER) 
BLINKING LOWER GREEN AND 
UPPER GREEN 


STEADY LOWER GREEN 


STEADY LOWER GREEN AND LOW EXCESS S. P. 


(RING FINGER) 





STEADY LOWER GREEN AND 


UPPER GREEN 





STEADY LOWER GREEN, YELLOW 
AND UPPER GREEN 


YELLOW 


ZERO S.B. 
(MIDDLE FINGER) 


YELLOW AND UPPER GREEN 











STEADY RED AND YELLOW 


STEADY RED 
STEADY RED, YELLOW AND 
UPPER GREEN 





NEGATIVE S. P. 
(INDEX FINGER) 


STEADY RED AND UPPER GREEN 


BLINKING RED 





OUT OF ENVELOPE 
(THUMB) 


Figure 18 - GROUPING OF DISPLAY CONFIGURATIONS 
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A repeatable tracking task was generated ру 
connecting the longitudinal and directional analog outputs 
of Fig. 19 to the scope and to two of the four available 
recording channels on the instrumentation tape reccrder. 
The target dot was then flown around the scope screen in a 
random manner while recording the two outputs 
Simultaneously. Concurrently, a third recording channel was 
used ЕО record instructions to the operator. These 
instructions were repeated identically to provide five 
different tracking tasks of the same length and 
presentation. These instructions included when to enable 
and disable the tracking task timer, when to initiate 
challenges and when to reset the timers. Using the three 
recording channels in this manner enabled the operator to 


make a standardized presentation to each subject. 


The longitudinal and directional analog outputs were 
Шеп connected into the timing circuit as shown in Fig. 20. 
The movement of the dot that is seen by the subject is the 
Sum of the analog outputs and the tracking task from the 
tape recorder. When this sum is zero, the target dot is in 
the center of the scope screen. The analog circuitry was 
provided by Cdr. David Caswell USN, Assistant Professor of 


Aeronautics Naval Postgraduate School. 


The size of the scoring circle is controlled by the 
voltage input 1N2 to the comparator on the ТЕ-10. The 
target dot was moved one inch to the right while determining 
the voltage cutput of the diode bus. The negative of this 
voltage was then input to the 102 comparator input 
establishing the one inch radius circular scoring target 


used in this experiment. 


In its initial conception, the secondary task would 


have used the same hardware and software that was designed 
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and built in the EMD design portion of this project. A 
ccmparator circuit was built that would trigger the airspeed 
counter to count up, the G counter to count down and the 
altitude counter to count down, if the stick were pushed 
approximately one inch forward. Likewise, it would trigger 
the airspeed counter to count down, the G counter to count 
up and the altitude counter to count up, if the stick were 
pulled back the same distance. It was the intent of this 
scheme to provide the subject with a continuous EMD that 
would change in a manner that had direct correlation with 
the stick movement. A small addition to Computer Program 1 
was made that made it possible to freeze the display, 
initiate the response timer and activate the buzzer when a 
single challenge button was pushed. The microprocessor was 
also able to scan the response buttons. When the correct 
response was made by the subject, the display returned to 
normal, the tiner stopped and the buzzer would Бе 


extinguished. 


This approach was abandoned for several reasons. 
The most important reason was that the "out of envelope" 
region was attained early in every run and remained ona 
large portion of the time. Attempts were made to provide an 
equal presentation of all the display configuraticns by 
changing the speed and initiation of the counters. No 
Suitable method was found. Instead, this scheme was 
abandoned and a different approach taken. 

It was decided that the microprocessor should be 
used to control the secondary task completely. A new 
program (Ccmputer Program 2) was written expressly for this 
purpose. The program cycles through a loop containing the 
fourteen possible display configurations. When the 
challenge button is depressed, one of these display 
configurations is selected. This selection was considered 


totally random due to the very high speed of scan of the 
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microprocessor. Simultaneously, the selected display was 
illuminated in the cockpit, the response timer was 
initiated, the buzzer activated and the response buttons 
scanned for the proper response. If an incorrect response 
is made, the microprocessor counted and displayed it. This 
ability to count wrong responses discouraged subjects from 
trying to "beat the system" by depressing all five buttons 
at once. When the correct response was detected, the 
display was extinguished, the timer stopped and the tuzzer 


terminated. 


An operator control panel was constructed. This 
panel included inputs from or outputs to the TR-10, the tape 
deck, the tracking task timer and oScillator, the stick and 
the scope. Also mounted on the control panel were the 
сһа11епде Switch, the scoring light switch, the tracking 
task timer enable switch and the switch that allowed the 


taped inputs to go to the analog computer. 


All digital and analog circuits were maintained 
electrically separate. It was discovered that the high 
speed clock incorporated in the microprocessor would rapidly 
overload the analog computer. Even connecting the 
Microprocessor power supply to the same power source as the 


analog computer caused an overload. 


The final experimental station is shown in Fig. 21. 


A block diagram of the experiment is shown in Fig. 22. 


4. Experimental Procedures 


тт, па и г cum стщ чыш» «ар а» 


All testing was completed in five sessions. Prior 
to the first session each subject filled out an information 
sheet (Appendix D) and listened to a set of taped 


instructions. The first four sessions were learning 
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sessions for the tracking task. The fifth session was used 


for the time sharing presentation. 


Zach of the first four sessions consisted of five 
100-second tracking runs. Each subject was free to adjust 
the target dot intensity and focus as he liked it. After 
closing the canopy, the subjects were permitted to fly the 
dot around with no task, checking the scoring target and 
allowing their eyes to adapt to the darkness. The dot was 
frozen by placing the TR-10 to reset and the tape deck 
activated after the subject indicated that he was ready to 
begin. The operator recorded the time on target after each 
of the five runs. The subject had 20 to 30 seconds rest 


between each run. 


Prior to the fifth session, each subject listened to 
ancther set of instructions describing the EMD and the 
time-sharing presentation. Any questions the subjects had 
were answered. AS in the first four sessions, the subjects 
were permitted to fly the target dot with no task until 
their eyes were dark adapted. Once indicating that they 
were ready, the dot was frozen and the tape deck actuated. 
The subjects performed only the tracking task for the first 
two runs. Tne scores of these two runs were checked to 
insure that they were in the region of their LTS. The third 
run was an unscored learning session during which the 
subject was given ten opportunities to respond to a 
challenge in a time-sharing mode. After rewinding the tape, 
all five runs were presented in the time-sharing mode. The 
operator rocorded the time on target, the response time and 
the number of incorrect responses following each run in the 


time-sharing mode. 


VEN EXPERIMENTAL RESULTS 
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An analysis of variance was done to test for the 
Significance of the differences in performance of the 
tracking task (A) between the tracking-task-only 
presentations and the time-sharing presentations. À 
randomized block factorial 25 (RBF-25) analysis of variance 
was utilized [Kirk 1969]. This analysis also determines the 
significance of different levels of difficulty of the 5 
tracking runs (B), the significance of differences in 
subject tracking ability (Blocks) and the significance of 
interactions between A and B. The results of this analysis 


are shown in Fig. 23. 


Of all challenges initiated, 77.1 percent were answered 
correctly on the first response. Each subject averaged 1.63 
errors per run. The subjects averaged 1.27 seconds to 
respond to a challenge without an error. 2.03 seconds were 
required to reach the correct response when one ог more 
incorrect responses were made. Overall, the subjects 


averaged 1.44 seconds to make a correct response. 


ШЕМ DISCUSSION OF EXPERIMENTAL RESULTS 


The statistical hypothesis was accepted as true. The 
analysis of variance indicated that the difference in the 
performance of the tracking task in the time-sharing mode 
and in the non-time-sharing mode (A) was insignificant (less 


man „75 probability of being significant). 


The analysis also indicated that there was less than a 
-01 level of significance (more than .99 probability of 
being significant) that the subjects had different tracking 
task abilities. This result was expected due to the wide 


range of flight experience of the subjects. Further, the 
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analysis indicated that the siginficance level of the 
difference in difficulty of the tasks was less than .01. 
This result was also predictable due to the range in run 


averages from 51.1 seconds (run 2) to 63.1 seconds (run 1). 


The analysis indicated that the AB interaction (the 
significance of the runs in B due to the level of A) was 
Eusignificant. Finding the AB interaction insignificant 
permitted the acceptance of the statistical hypothesis (A) 


Without further investigation. 


The number of response errors made by the subjects was 
considered insignificant with respect to acceptance of the 
statistical hypothesis. The average time to a correct 
response when an error was made vas 2.03 seconds as compared 
with 1.27 seconds when no errors were made. It was 
considered by the experimenter that the much longer response 
time when one or more errors were made was reflected in a 


degraded tracking task score in the time-sharing mode. 


Many of the errors made неге attributed to several 
display deficiencies and ambiguities. A large majority of 
the subjects commented that the upper green row was 
extremely confusing and ambigious. The subjects stated that 
in many cases their initial response to an upper green row 
was the same as if the lower green row was illuminated. 
Many of the subjects also felt that the blink rate (1.25 
Hz.) of the red and lower green rows наз too slow. They 
often responded as though the row was steady before it would 
blink. The probability of a display being illuminated that 
contained one of the two deficiencies most mentioned was .64 


each time a challenge was initiated. 
The overall average of 1.44 seconds to reach the correct 


response was considered totally acceptable for several 


reasons. The first was that the EMD was not illuminated 
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continuously as it would be if actually employed. When the 
subject was challenged, he had absolutely no idea what the 
previous display state was. The second was that in this 
experimental environment the subject had no indication of 
what his airspeed, altitude, G or attitude was. If the EMD 
were actually employed, the pilot would know these values 
approximately and would be anticipating a certain range of 
display configurations. The third reason was that the pilot 
would not be required to select and depress а button 


corresponding to his energy state during an ACM engagement. 





Additional research should be conducted to determine the 
feasibility of a color-coded, peripheral vision EMD. The 
Skill and task analysis indicated that a device to aid the 
pilot to maneuver the aircraft to its aerodynamic limits 
might be useful, but that such a device might be ineffective 
due to the high level of sensory saturation during ACM. 
Definite derivative benefits of an EMD were seen to exist in 
future generaticn aircraft, pilot training and aviation 
safety. Interpretation and response to the proposed EMD 
have been shown to cause no Significant degradation in the 
ability of a pilot to perform a tracking task which 
Simulates the mental and visual concentration required 
Auring ACM. This demonstrates not only the ease of 
interpretation and response, but also the rapid learnability 


of the display configurations. 


Initially, two changes should be made to the proposed 
EMD. The method of displaying corner velocity should be 
Changed cr possibly omitted. A possible solution to the 
ambiguity introduced by using two green rows 15 to change 
the upper green row to a white row. This change should be 
carefull y analyzed as a white row might look very much like 
the yellcw row. The second change is that the blink rate of 


the lower green and the red rows shouid be increased. 


Many of the subjects stated that it was difficult for 
them to determine the relative position of the rows in their 
peripheral vision. Several of the subjects mentioned that 
interpreting the EMD when two or three rows were illuminated 


Simultaneously was much more difficult and time consuming 
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than if only one row was illuminated. Consideration could 
be given to reducing the number of rows illuminated 
simultaneously and the requirement to distinguish relative 


position. 


Following analysis and amendment, the next step should 
be to mount the modified EMD on a pilot's helmet and conduct 
in-flight evaluations. An area that should be closely 
examined during test flights is the effect of increased G's 


on the pilot's peripheral color vision. 
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VI. COMPARISON WITH A HED 
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A joint Navy and Air Force team has designed and built a 
helmet-mounted energy-management display (HED). The HED is 
scheduled to be test flown for the first time in March 1977 
at NAS Point Mugu in an F-4. This HED projects certain dots 
of light from а 20x23 matrix (Fig. 24) onto the combiner 
shown in Fig. 25. These dots are presented in a manner to 
represent a V-N diagram with a superimposed specific power 
equal to zero curve and a present position indicator. 
Although still in development, several objective comparisons 
can be made between the HED and the EMD proposed in this 


Bro ject. 


Ev virtue of using a 20x23 matrix, the scaling of 
airspeed and Gare limited for the HED. It is desirable to 
Beale airspeed from 0 то 750 KCAS and G from -3 to +8.5 for 
pne Р-4. Using the HED, the minimum increment of airspeed 
is 32.6 KCAS and the minimum increment of G is .575 G. The 
EMD is arbitrarily scaled using 10 KCAS and .05 С 
increments. The increment sizes used in the EMD could ре 


decreased by increasing the size of the look-up table. 


Several idealizations of the maneuverability diagram 
were used in the HED design. The HED display format 
projects a series of dots onto the combiner. To interpret 
these dots, the pilot visualizes straight lines in the shape 
of a V-N diagram with a superimposed specific power equal to 
zero curve. idealizing the V-N diagram and the specific 
power equal to zero curve as straight lines із а good 
approximation in some regimes, but eliminates safe 


Maneuvering regions in other regimes. The EMD utilized the 
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the maneuverabilit y diagrams (eig. 7) without any 


mdiealizations or alterations. 


The HED effectively represents the current aircraft 
speed with respect to corner velocity. As proposed, the EMD 
would only provide an indication of being above or below 


corner velocity. 


The HED utilizes only red light in the pilot's primary 
vision region vice the tri-colored lights in the pilot's 
peripheral vision region used in the EMD. A display 
presentation for ACM in the pilot's primary vision region 
has proven its effectiveness under increased б in the 
reticle cf the VTAS system. The usefulness of a 
multi-colored display in the peripheral vision region under 
increased G should be investigated before operationally 


deploying a version of the proposed EMD. 
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APPENDIX A 


TAPED INSTRUCTIONS FOR TEST SUBJECTS 


INSTRUCTIONS FOR TRACKING TASK ONLY 


You are now seated in a cockpit mock-up designed to 
examine the feasibility and utility of an energy management 
display for air combat maneuvering (ACM). For the first 
grcup of test runs you need only be familiar with the 
Operation of the stick, the scope and its adjustment knobs, 
the two lights at tne base of the scope (one red and one 
green) and the operation of the canopy. As you listen to 
these instructions, orient yourself in the cockpit in 
preparation for the test runs. You will be asked to close 
the canopy during a later part of these instructions in 


order that your eyes might adjust to the darkness. 


The stick operates as a normal aircraft stick 
controlling the dot on the scope screen. Pushing the stick 
forward causes the dot to move down the screen and pulling 
it back causes the dot to move up the screen. Right stick 
causes the dot to move to the right and left stick to the 
left. The object of the tracking task will be to maintian 
the dot within the one inch circle depicted in the center of 
the scope screen. 

The two knobs at the base of the scope screen are the 
intensity and focus adjustments for the dot. The knob on 


the left controls the intensity, decreasing in a counter 
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clockwise direction. You will want to use this adjustment 
as the canopy closes and as your eyes become dark adapted. 
The knob on the right controls the dot focus. After 
initially focusing the dot, you should have no further need 
for this adjustment. The lighted red button at the far left 
base of the scope screen is the scope power. Please dc not 


depress this button at any time. 


The canopy control switch is on the left bulkhead just 
above tne console. Please lower tne canopy at this time. 
You need not lock the canopy in the down position. Should 
an emergercy of any Kind occur and you desire to exit the 
ccckpit, raise the canopy and exit the rigat side of the 
cockpit, If you are not able to raise tne canopy, pound on 
the left side ОҒ the canopy with your fist and the operator 


Will open the canopy and then secure all electrical power. 


The red light at the right base of the Scope screen will 
be illuminated only when the target dot is within the one 
inch circular scoring grid in the center of the screen. The 
green light at the left base of the scope is used as ar 
Ши сатог to you that a scoring run iS in progress. When 


this light is not illuminated, please do not move the stick. 


The first four test sessions will consist of 
accomplishing the tracking task only. This task is being 
used to simulate keeping sight of an enemy aircraft during 
an ACM engagement. Each of the first four sessions will 
consist of five 100 second tracking runs interrupted with a 


Short period of rest between each. 


When the green light illuminates, you may center the dot 
mech the stick. Continue to maintain the dot within the 
scoring grid to the very best of your ability as long as the 
green light remains illuminated. Your score wiil be the 


percentage of the total scoring run that you are able to 
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maintain the dot within the scoring grid. When the green 
light goes out, please release the stick. You will have 


several seconds rest prior to the next run. 


If you have any questions, please ask then now. If not, 


your first scoring run will begin shortly. 


INSTRUCTIONS PRIOR TO COMBINED TASKING 


This is your fifth and final session in this test 
sequence. You will be asked to perform an additional task 
during this session. Your objective is to maintain the dot 
Within the scoring grid to the best of your ability while 


responding to the energy management display (EHD). 


The EMD is based on color coding various regions of the 
maneuverability пзас сао и (5719 99у. Тһе maneuverability 
diagram is the positive G portion of the VN diagram with 
specific power curves super imposed. Positive specific 
power, measured in feet per second, is a measure of the 
ability to convert excess power into a rate of climb or a 
level acceleration while maintaining the current G loading. 
Negative specific power indicates that in order to maintain 
the current aircraft G loading, the aircraft will either 
decel in level flight or maintain airspeed and descend. 
Zero specific power indicates that airspeed and с  lcading 
may be maintained at a constant altitude. In most cases, 
zero specific power is the minimum sustained turning radius 


and maximum sustained turning rate for any given airspeed. 


The maneuverability diagram has been  parititioned and 
colcr coded into seven regions based on zero specific power 
(Fig. 9). These regions are displayed using the four rows 
of colored lights above the scope screen. The lower row of 


green lights is used to represent positive specific power. 
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If it blinks green, the aircraft is between +.5G and -.5G. 
This is the region of maximum excess specific power. The 
lower green row alone indicates a high level of excess 
specific power while the lower green and yellow rows 
together display a lesser level of excess power. The yellow 
row alone represents the region immediately surrounding the 
Zero specific power curve. The yellow and red rows indicate 
a low level of negative specific power while the red row 
alone indicates a high level of negative specific power. 
The red row will blink alone if any of the basic VN diagram 
limits are exceeded. The upper green row will ће 
illuminated if corner velocity has been attained and will be 
ШІР if not. None of your responses will be associated 


directly with the upper green row. 


Directly associated with the EMD for this test is a box 
with five buttons on it on the left console. Study this box 
and its correlation to the EMD memorizing the position of 
the buttons. The 'max. excess S. P.' button 15 associated 
with the blinking lower green row, the 'excess S. P.' button 
with the solid lower green row or the solid lower green and 
the yellcw rows together, the 'zero S. P.' button with the 
yellow rcw alone, the ‘negative 5. Р.! button with the 
yellow and red rows together or the red row alone and the 


'out of envelope! button with the blinking red row. 


Although this EMD was designed and built using data for 
an F-4J, your ability to perform the tasks is not related to 
your knowledge or lack of, of the F-4. As in the first four 
sessions, the tracking task is being used to simulate 
Keeping sight of an enemy aircraft during an ACM engagement. 
In additicn to performing this task you will also be asked 
to interpret and respond to the EMD. The EMD is being 
controlled in a totally random manner by a microprecessor. 
neither the position of the stick nor its motion have any 


impact at all on the display that is presented for this set 
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of tests. In reality, inputs of airspeed, altitude and G 
would be the controlling inputs to the microprocessor. Your 
objectives are to maintain the dot in the center and respond 
to the EMD when challenged. Do not attempt to fly to or 
maintain any given level of specific power as you have 


absolutely no control over it in this experiment. 


Please close the canopy at this time in order tc dark 


adapt your eyes. 


As in the first four sessions, you should not move the 
Stick until the green light is illuminated. When it is 
illuminated and the entire time it is on, you should do your 
very best to maintain the dot within the scoring grid. Tn 
this session, while performing the tracking task, you will 
be challenged with a buzzer several tines throughout th 
scoring runs. When the buzzer is initiated, the EMD will 
illuminate in one of the previously described states and a 
timer will be started. As soon as you hear this buzzer, you 
Should depress the button corresponding to the specific 
power level depicted by the EMD. When the correct button is 
depressed, the tone will be terminated, the display will ре 
extinguished ага the timer will stop. Do not depress nore 
than one button at a time. your score will based on the 
percentage of the total scoring run that you maintain the 
dot within the scoring grid and the time it takes you to 
respond correctly when challenged. The time to correctly 
respond will be weighted using the number cf incorrect 
responses. If you lose the dot off of the side or the top 
of the screen, please notify the operator immediately and he 


wiil restore the dot onto the screen. 


It is not expected that you will need to look at the 
response buttons during the scoring runs. Prior to each 
Scoring run, you Should place ycur left hand on the response 


box with one finger on each butten со that there is no 
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problem finding the button you want when you are challenged. 


If you have any questions, please ask them now. If not, 
the first of two tracking task only runs will begin shortly. 
If your score on these two runs falls within the range ot 


your learned tracking score average established during ne 


ct 


first four sessions, then the third run will consist of 


ct 


he 
100 second tracking task with 10 challenges. This third run 


is an unscored practice run for you. Following the practice 


run, the first of five dual tasked scoring runs will begin. 


Please focus the target dot to the same shape and size 


that you used during the first four learning sessions. 
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APPENDIX B 


LISTOR EQUIPMENT 


Dynasciences Counter, СР-929/05М-245А. 
Hewlett Packard Wide Range Oscillator, Model 200CD. 
Hewlett Packard Electronic Counter, Model 521C. 


Two Krohn-Hite Ultra-Low rrequency Band Pass Filters, 
Model 330-M. 


Midwestern Instruments Instrumentation 


Recorder/Reproducer, Model 434. 
Pace Analog Computer, Model TR-10. 


Intel System Interface and Control Module (8008 


microprocessor), Model MCB8-10. 


Hewlett Packard X-Y Scope, Model 13004. 


76 





APPENDIX C 
(о to 15 V) 





OUTPUT 
: 555 CHIP Rp 
| 
SIGNETICS p. 6-52 
FREE RUNNING FREQUENCY 
vs Ra, Rg AND C 
100 





0.001 
.l Hz 1 Hz 10 Hz 100 Hz 1kHz 10kHz 100kHz 
FREE RUNNING FREQUENCY 
SIGNETICS p. 6-52 
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APPENDIX D 
TEST SUBJECT INFORMATION 


l. Name Age 
2. Flight experience 


A. The four aircraft in which you have the most hours 


Aircraft Hours 





B. Total flight hours 

C. When did you last fly operationally 
3. Do you have any combat experience? Yes No 
4. Data 

A. First 4 sessions 


Session 1 Session 2 Session 3 Session 4 LTS 





B. Fifth session 


Run 1 Run 2 Run 3 Run 4 Run 5 


к | j| | | | 
БЕ. ___ 
ПЕН ШЕН | | | | 
Б 
mes; | | | | | 
тоа | | | | | 
E-| | | | | | 
tt 


| Time | 


tt 
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